By the application of respirometric techniques, it was found that the a-conidendrin (1)-decomposing agrobacteria included strains which were adaptively or constitutively lignanolytic. The lignans isotaxiresinol (V), iso-olivil (VI), and olivil (VII) were rapidly oxidized by all the bacteria examined. The adaptive organisms showed a time-lag before oxidation of the lignans if they had been grown on a conidendrin-free medium. The lag required for oxygen uptake with a-conidendrin was shorter than that observed for the other lignans. Matairesinol (IV), which differs structurally from a-conidendrin through the lack of the 'isolignan' bond was not attacked by any of the agrobacteria examined. Olivil and iso-olivil were oxidized identically, giving results which indicate that the organisms bring about the isomerization olivil -+iso-olivil. a-Conidendrol (11) was indicated by the simultaneous adaptation to be an intermediate in aconidendrin decomposition. All the bacteria studied possess a constitutive ability to oxidize aromatic aldehydes (vanillin, isovanillin, veratrumaldehyde, syringaldehyde). By calculation from the total oxygen uptake, and by paper chromatography, it was found that these oxidations gave the corresponding acids. Simultaneously with oxidation to vanillic acid, a small amount of vanillin was reduced to vanillyl alcohol. Coniferyl alcohol was oxidized to ferulic acid.
INTRODUCTION
a-Conidendrin (Fig. 1, I ) like other lignans is synthesized by a variety of plants.
It has been assumed to originate in the same simple C,C,-precursors as lignin (Erdtman, 1955) . Spruce wood contains 0.048 yo (w/w) a-conidendrin according to Freudenberg & Knof (1957) . During the sulphite cooking process a-conidendrin is enriched in the sulphite waste liquors of various sap woods, and can conveniently be isolated from these sources. Consequently the lignan is readily available, and has found use as a dimeric model compound for the guaiacylpropan unit of lignin, in work on biological lignin degradation. There have been numerous demonstrations of the presence of a-conidendrin-decomposing bacteria in the most diverse surroundings rich in wood residue (Konetzka, Pelczar & Gottlieb, 1952;  Tabak, Chambers & Kabler, 1959 ; Sundman, 1962) . The general occurrence of a-conidendrin-decomposing bacteria of different genera in material rich in plant residue might indicate that in nature these organisms also attack lignin-related structures other than a-conidendrin, which as mentioned above represents a diminutive part only of the wooden plant. V. SUNDMAN Previous workers on the subject have attempted to show, mostly with negative results, that a-conidendrin-degrading bacteria utilize other lignin-related material. Pratt, Konetzka, Pelczar & Martin (1953) studied a flavobacterium, isolated by Konetzka et al. (1952) which caused complete degradation of a-conidendrin (supplied as 0.5 %, w/v), in 14 days, but it did not use a variety of lignin preparations and lignin-related monomers as the source of carbonfenergy; of a number of lignin-related substances tested, the only compound which permitted luxuriant growth was vanillic acid. Tabak et al. (1959) , who studied a-conidendrin degradation by mixed and pure cultures of various Pseudomonas, Flavobacterium, and Achromobacter species, tested commerical lignin residues as sources of energy for the cultures, but found no evidence for utilization of the lignin preparations, A description has been given of the a-conidendrin-decomposing Agrobacterium strains used in the present work (Sundman, 1962 (Sundman, , 1964 . These exhibit many metabolic differences from what is known from previous work on a-conidendrindegrading bacteria. In conformity with its suitability as an energy source for the Flavobacterium of Konetzka, vanillic acid was found to occupy a leading position in the reactions which lead to ring cleavage of the conidendrin molecule brought about by some Flavobacterium and Pseudomonas species (Konetzka, Woodings & Stove, 1957; Tabak et al. 1959) . In contrast, in the present work, the agrobacteria examined did not grow with vanillic acid as the sole carbon+energy source, and it was found that they did not produce vanillic acid from a-conidendrin but instead, considerable quantities of isovanillic acid (Sundman, 1962) . The efficiency to decompose a-conidendrin was rapidly lost by the cultures of Tabak et al. (1959) when they were grown, for example, with yeast extract as the carbonfenergy source, whereas some of the present organisms have been kept for years on yeast extract without losing the ability to decompose a-conidendrin. The Flavobacterium of Konetzka and the cultures of Tabak et al. (1959) , synthesized polysaccharides during growth on a-conidendrin but were unable to use simple carbohydrates as a carbon + energy source (Pratt et al. 1953) . The agrobacteria used in the present work have not been found to produce any polysaccharide concurrently with a-conidendrin degradation, and they can grow on a variety of simple carbohydrates (Sundman, 1964) . Accordingly, there is justification for assuming that there exist different modes of action among the lignanolytic soil bacteria, and different types of bacterial attack on the dimeric guaiacylpropane structure as it occurs in the lignans. It was felt that a more detailed study of the agrobacteria-like a-conidendrin-decomposing bacteria, as regards ability to oxidize other lignans and lignin 'model compounds', might provide data about the part they may play in oxidative metabolism which leads to release of the relatively resistant lignin-carbon back to atmospheric carbon dioxide, The present paper describes the examination of the oxidative activity of washed organisms on a number of lignans and monomeric guaiacyl-and syringylderivatives.
METHODS
Organisms. The Agrobacterium strains ~~1 7 4 1 , ~~1 4 4 4 1 2 and 0811 previously described (Sundman, 1964) were used. The technique for the production of suspensions of washed organisms was also outlined in that paper. The rate of oxygen uptakelunit quantity of organism varied from batch to batch, and a decrease in oxygen-uptake activity with the lignans as substrate was observed during storage in the refrigerator, although the endogenous respiration remained constant during storage up to 10 days. Thus, the results obtained in different experiments are not directly comparable, even when the quantity of organism added to the Warburg flasks was identical. The period of storage in the refrigerator before measurement is stated where the results obtained with organisms of different age are presented in the same figure.
Manometry. Unless otherwise noted, the respirometric experiments were made in ~/45-phosphate buffer a t pH 5.9. When examining the effect of pH value, the final phosphate-concentration used was ~/ 3 0 .
For determinations of the total oxygen uptake suspensions of organism were added from the side arm, the substrate being in the main compartment. Manometer readings were made at 15-min. intervals; the results are presented with intervals of 30 or 60 min., and give means of duplicate manometer readings. For further details see Sundman (1964) .
Evaluation of growth on defined carbon source. As described by Sundman (1964) , washed organisms were inoculated into semi-solid mineral medium containing or mole/ml. of carbon source.
Lignin Substances used
The lignin preparations used were extracted from samples of brown rotted spruce wood (Picea excelsa) with a lignin content of about 80 yo according to sulphuric acid lignin determinations. Two per cent NaOH in ethanol at room temperature (20') was used for extraction in accordance with the method of Phillips (1928) as described by Brauns (1952) . The crude lignin fraction, precipitated with hydrochloric acid, represented about 8 % (w/w) of the brown rotted wood on a dry matter basis. After washing until a negative reaction was attained for C1 ion in the wash water, and drying, the lignin precipitate was dissolved in purified dioxan by stirring for 4 hr, to give a solution of about 1 yo (w/v). Undissolved particles were removed by centrifugation and the clear supernatant fluid evaporated to small volume in a rotating evaporator under reduced pressure. The lignin was precipitated by dropping the concentrated solution into 10 vol. anhydrous ether, accompanied by vigorous stirring for 30 min. The precipitate was collected in the centrifuge, washed twice with anhydrous ether, once with light petroleum (100-120') and finally once with light petroleum (40-60'). The final product, after drying to constant weight over Lignans and Zignan derivatives. (The roman numerals refer to the structures presented in Fig. 1 XXVI. R = CH=CH-COOH: s h p i c acid.
Fig. 2. Structure of investigated monomeric compounds.
Guaiacylpyruvic acid (X), same source as compound IX. Isovanillic acid (XI). A preparation was supplied by Professor T. Enkvist, Helsinki. After boiling with active carbon, the isovanillic acid was recrystallized from water. White needles, m.p. = 247-248'.
Substances XII-XXVII listed below were commercial preparations from Fluka AG, Switzerland (except vanillin from British Drug Houses Ltd.) the grades of purity being listed : vanillic acid (XII), purum ; anisic acid (XIII), purum ; veratric acid (XIV), puriss. ; isovanillin (XV), purum; vanillin (XVI), p.a. ; veratryl aldehyde (XVII), purum; caffeic acid (XVIII), purum; ferulic acid (XIX), purum; isoferulic acid (XX), puriss. ; 3-4-dimethoxy-cinnamic acid (XXI), puriss. ; hydrocaffeic acid (XXII), purum ; coniferyl alcohol (XXIII), purum ; syringic acid (XXIV), purum ; syringyl aldehyde (XXV), purum ; sinapic acid (XXVI), puriss. ; vanillyl alcohol (XXVII), pract., recrystallized, m.p. = 113-5-115'.
RESULTS

Oxidation of a-conidendrin
The enzyme system for oxidation of a-conidendrin was adaptive in organisms of strains ~~1 7 4 1 and ~~1 4 4 4 1 2 , but present in strain 0811 independently of whether a-conidendrin was present during growth or not. This is illustrated in Fig. 3 and Fig. 4 , respectively. Figure 3 records the oxygen uptake with a-conidendrin as substrate for organisms of strain ~~1 4 4 4 1 2 , produced on yeast extract, and yeast extract + a-conidendrin. The figure shows that organisms grown on yeast extract did not oxidize a-conidendrin until after a lag of 3 hr, when oxygen uptake started at a rate comparable to that noted for organisms grown on a-conidendrin. The adaptability to a-conidendrin oxidation was preserved in the cultures of KS 1741 and ~~1 4 4 4 1 2 during more than 20 monthly transfers into semi-solid KYE-agar (Sundman, 1962 ) without a-conidendrin. The type of a-conidendrin oxidation found in strain 0811 is illustrated in Fig. 4 . It is seen that oxygen uptake with a-conidendrin as substrate starts immediately with both yeast extract-grown organisms and organisms adapted to a-conidendrin during growth. This constitutive ability of lignan oxidation was not found to be a stable characteristic of strain 0811; a stock culture kept on semi-solid KYE agar proved after 7 monthly subcultures on this a-conidendrin-free medium to be unable to utilize a-conidendrin, in growth experiments, or to take up oxygen with aconidendrin as substrate in Warburg experiments. The ability of a-conidendrin oxidation was irreversibly lost by this culture, and could not be restored by growing it for several passages on a conidendrin-containing medium, or by shaking washed organisms of the culture with a-conidendrin crystals for several hours. In another stock culture of the strain 0811 kept on a-conidendrin as sole carbon+energy source the ability to oxidize a-conidendrin had been preserved. This culture has since during several passages on conidendrin-free medium preserved the constitutive type of a-conidendrin oxidation illustrated in Fig. 4 . Previously reported results indicate that the adaptive and constitutive attack on a-conidendrin proceed along similar metabolic paths ; paper chromatographic analysis of acid ether extracts of a-conidendrin cultures of the constitutively lignanolytic strain 0811 and of the adaptive strains ~~1 7 4 1 , respectively, has shown identical patterns of phenolic degradation products (Sundman, 1962) .
The oxygen uptake with a-conidendrin is unaffected by pH variations in the 192 V. SUNDMAN range pH 4-6-7.6. In repeated experiments, total oxygen uptakes varying between 13 and 17 atoms of oxygen/molecule a-conidendrin have been noted. This corresponds to 36-39 yo of the oxygen required for complete oxidation to CO, and H,O.
Oxidation of other lignans
All the bacteria examined utilized in addition to a-conidendrin the lignans isotaxiresinol (V), iso-olivil (VI) and olivil (VII), whereas matairesinol (IV) and the lignan xyloside (VIII) remained unutilizable. With the adaptive strains ~~1 7 4 1 and MS 144412, adaptation to a-conidendrin resulted in simultaneous adaptation to the compounds isotaxiresimol, iso-olivil, and olivil. Organisms not adapted to aconidendrin during growth started oxidation of these lignans after a longer time lag than that required for oxidation of a-conidendrin to start. Strain 0811 required no adaptation for oxidation of the lignans (Fig. 4) . The above-mentioned culture of strain 081 1 which had lost the ability of a-conidendrin oxidation had simultaneously lost the ability to oxidize the other lignans.
Matairesinol (IV), which is not oxidized by the present bacteria, differs structurally from a-conidendrin only in the lack of the 6-a carbon-carbon bond (see Fig. 1 ). Presence of this linkage between the two guaiacylpropane units of the lignan molecule thus seems to be a requirement for the lignanolytic enzyme systems of the bacteria investigated here. It was assumed (Sundman, 1964) that the 6-a bond is preserved in the isovanillic acid formed in the present type of lignan decomposition. Of the lignans other than a-conidendrin, which are oxidized, iso-olivil and iso-taxiresinol like conidendrin contain the 6-a bond. The variation in side chain structure (see Fig. 1 ) between a-conidendrin on one side and isotaxiresinol and isoolivil on the other, does not influence the oxidation of the compounds as far as rate of oxygen uptake is concerned (Fig. 4) .
Special interest was paid to the oxidation of olivil in which the 6-a 'isolignan bond' is not present. Repeated measurements of oxygen uptake with olivil and iso-olivil as substrates showed that the compounds are oxidized identically. Examples of this are seen in Fig. 5 and iso-olivil oxidation. If the increase of endogenous respiration with increasing pH is taken into account, no influence of the pH variation between 4.9 and 7.7 can be established. This is in full conformity with the results obtained with a-coniden&in. Olivil and iso-olivil contain different types of carbon skeleton, and it has been thought that they represent two biogenetic categories of lignans. The structural difference is reflected, for instance, in the varying yields of vanillin obtained upon nitrobenzene oxidation: 86 yo (w/w) from olivil, and 3 yo (wlw) from iso-olivil (Leopold & Malmstrom, 1951) . Olivil is readily subject to isomerization when boiled with dilute acids, and iso-olivil is then obtained (Erdtman, 1955) . The oxygen uptake, evidently identical, with olivil and iso-olivil observed for the present lignanolytic bacteria, can be explained by assuming that the bacteria bring about the isomerization olivils iso-olivil. Should this explanation prove to be valid, a closer biological relationship exists between the formally different lignan groups than a purely chemical approach might predict. Continued work on the mode of action upon olivil and iso-olivil by the present bacteria is in progress. 
V. SUNDMAN
The oxidation of the conidendrols is exemplified in Fig. 6 . The slight oxygen uptake with P-conidendrol, similar for a-conidendrin-adapted organisms (Fig. 6 a,) and for organisms not adapted to a-conidendrin (Fig. 6b) was observed with all the strains studied. The increased oxygen uptake by a-conidendrin-active organisms in the presence of a-conidendrol (Fig. 6a) was occasionally observed in experiments with the strains ~~1 7 4 1 and ~~144412, but found to be a constant feature of strain 0811, if grown on medium containing a-conidendrin. It should be stressed that whereas the ability to oxidize the methoxyl-containing lignans a-conidendrin, olivil, iso-olivil and isotaxiresinol is a constitutive feature of strain 0811, the increased oxygen uptake with a-conidendrol requires adaptation to a-conidendrin during growth. The organisms of the a-conidendrin-active o 81 1 culture, produced on yeast extract and glucose, oxidize the lignans without lag, but are incapable of bringing about the increased oxygen uptake with a-conidendrol (Fig. 4b) . Conversely, organisms of this strain produced on a-conidendrin oxidize a-conidendrol without lag at a rate comparable with that of lignan oxidation (Fig. 4a) . It was therefore concluded that a-conidendrin decomposition by strain 081 1 might, as an alternative to the path over isovanillic acid, be initiated by metabolic steps which substitute the methoxyl groups by hydroxyls thus resulting in a-conidendrol formation.
The lignan moiety of lignan xyloside (VIII) has a structure which contains the isolignan 6-a bond and a side chain configuration like isotaxiresinol, but the aromatic rings have a syringyl structure with additional methoxyl groups in the 5 positions. The substance was included in the study with a view to determining whether the lignanolytic activity of the present bacteria is restricted to guaiacylpropane type (soft wood) lignans, or whether syringylpropane (hard wood) lignans are also oxidized. As previously mentioned none of the bacteria was able to oxidize the lignan xyloside. It was found that the bacteria oxidize xylose in respirometric experiments, and proliferate on xylose as the sole energy source. Since the lignan xyloside is not oxidized, it can be concluded that the bacteria do not split the molecule into xylose and lignan. This is in close accord with the inability of the present organisms to proliferate on sucrose, or lactose, although glucose and galactose serve as energy sources (Sundman, 1964) , indicating a lack of P-carbohydrases in the studied Agrobacteria.
Guaiacylglycerol-P-coniferyl ether (IX), as Ishikawa, Schubert & Nord (1963a, b ) and Fukuzumi (1960) have demonstrated, is released from lignin, and further metabolized by white-rot fungi. A trial was made with the compound as substrate for organisms of strains 0811, actively oxidizing the lignans (Fig. 4a) . Only a slow oxygen uptake was established. Table 2 gives a summary of the results obtained with lignin preparations ALD, and ALH,. As the table illustrates, the preparations were slowly oxidized by strains ~~1 7 4 1 and 0811, ALD, more easily than ALH,. The oxygen uptake by ~~1 4 4 4 1 2 organisms was increased too slightly to allow of positive conclusions. A response to the presence of the lignin preparation during growth was recorded for strain ~~1 7 4 1 as an increased oxygen uptake with both lignin preparations for organisms harvested from the lignin-containing substrate, taken against the oxygen Utilization of lignans by agrobacteria 195 uptake by organisms produced on yeast extract and glucose. The results for strain 0811 were contradictory as far as adaptive response to the presence of lignin in the medium was concerned. The parallel to adaptive contra constitutive degradation of lignans in strains ~~1 7 4 1 and 0811 is of interest. for ALH,, were subtracted.
Oxidation of the lignin preparations
Oxidation of phenolic monomrs
The compounds X-XXVII were included in the investigation partly with a view to finding possible intermediates in the breakdown of a-conidendrin, and partly to acquire knowledge of the oxidative properties of the lignanolytic Agrobacteria. The oxygen uptake with a number of non-methoxylated phenolic compounds has been previously reported (Sundman, 1964) .
As regards the possibility that the monomers are intermediates in the metabolic sequences of a-conidendrin decomposition, it should be pointed out that adaptation to conidendrin caused no simultaneous adaptation to any of the monomers, except to isovanillin and to isovanillic acid (Fig. 7a, b) .
Of the aldehydes investigated vanillin, syringylaldehyde, veratrylaldehyde were oxidized in a similar manner by strains ~~1 7 4 1 and 0811. The oxygen uptake was completed within 60min., and corresponded to slightly more than one atom of oxygen per molecule of aldehyde. Isovanillin was oxidized in the same way by organisms of strain ~~1 7 4 1 if not adapted to a-conidendrin during growth. This type of aldehyde oxidation is illustrated in Fig. 7 a (curve no. 2) and Fig. 7 b (curves nos. 2 and 5 ) . Similar oxidation of the aldehydes, in spite of differently substituted ring structure, pointed to a common type oxidation restricted to the aldehyde group, which was assumed to be oxidized to carboxyl. When a slight oxygen uptake observed with the corresponding carboxyl compounds was subtracted from the oxygen uptake noted for the aldehydes, on the assumption that the aldehydes are oxidized to corresponding acids, a total oxygen consumption for the reaction aldehyde-tacid was obtained, as indicated in Table 3 . The figures in the table indicate that the oxygen uptake observed for strain ~~1 7 4 1 was markedly less than the theoretical amount: 1 atom of oxygen for every molecule of aldehyde.
For study of the reaction products of aldehyde oxidation by strain ~~1 7 4 1 , the contents of Warburg flasks were analysed as follows : when manometer readings indicated that the oxygen uptake with aldehyde as substrate had diminished to the same rate as endogenous respiration, the content was pipetted off and centrifuged. The supernatant was evaporated to small volume, and the concentrated supernatant quantitatively applied as two spots on different sheets of paper previously buffered to pH 6-5 with ~1 1 5 phosphate buffer. Pure aldehydes, the corresponding acids and vanillyl alcohol were applied as standards. The chromatograms were developed by ascending technique with water-saturated n-butanol. Time elapsed since addition of organisms (hr) organisms of strain KS 1741, with vanillin acid, vanillin, coniferylalcohol, i s o v a a c acid, or isovanillin as substrate showing adaptation to isovanillin and isovanillic acid upon adaptation to a-conidendrin during growth. Endogenous oxygen uptake was subtracted.
Amount of substrate : 2 pmole. a, Organisms produced on a-conidendrin-containing medium. Number of viable organisms added to each flask: 2.4 x lolo. Storage prior to measurement: curve 1, 4 days; curve 2, 9 days; curve 3, 11 days; curve 4, 4 days; curve 5, 9 days. b, Organisms produced without a-conidendrin. Number of viable organisms added to each flask: 4.7 x 10l0. Storage prior to measurement: curves 1, 3, and 4, 1 day; curves 2 and 5, 3 days. 1, v, Vanillic acid; 2, 0, vanillin; 3, 0, coniferylalcohol ; 4, , isovanillic acid ; 5, x , isovanillin. Isovanillyl--One of the runs was sprayed with 2-4-dinitrophenyl-hydrazine (carbonyl reagent) and the other with diazotized sulphanilic acid (phenol reagent). For the veratryl aldehyde run, rhodamin B (reagent for acids) was used for spraying the second run. It was found that no detectable aldehyde or other carbonyl compound remained in the samples. Instead, there were strong spots coinciding with the corresponding acids : vanillic, isovanillic, and syringic acid appeared on the chromatograms after spraying with diazotized sulphanilic acid. In addition, a second spot of higher R, value, detectable with diazotized sulphanilic acid, was present on the runs. In the vanillin run, this spot R, = 0.84 was identical with the spot of vanillyl alcohol.
From isovanillin, there had been formed a substance with Rf = 0.83, and from syringyl aldehyde a substance at R, = 0.75, through the activity of the bacteria. These two compounds have not yet been identified, owing to the lack of standards available for comparison, but there is reason to believe that they might be the corresponding alcohols. It appears that an intramolecular dismutation of vanillin to vanillyl alcohol and vanillic acid proceeds simultaneously with oxidation of the aldehyde to acid during oxygen uptake. Reactions of this type, leading to the accumulation of vanillyl alcohol, obviously account for the deviation of oxygen uptake from the theoretical amount: 1 atom of oxygen for every molecule of aldehyde, as indicated in Table 3 .
The oxidation of aldehyde to acid as exemplified in Fig. 7 a for vanillin and in Fig. 7b for vanillin and isovanillin does not provide energy to allow the bacteria to proliferate on the aldehydes as the sole energy source. Neither are bacteria which bring about the negligible oxidation of vanillic acid (Fig. 7a, b) or the comparable oxidation of isovanillic acid (Fig. 7b) able to grow on these acids as sole carbon sources. Against this, isovanillic acid can serve as the sole energy+carbon source for organisms adapted to a-conidendrin, hence bringing about the increased-type oxidation of isovanillic acid in Fig. 7a .
Coniferyl alcohol was oxidized a t a comparatively slow rate (Fig. 7a, b) , and a total oxygen uptake corresponding to 1-5-1 -98 atoms of oxygen/molecule substrate was recorded. In conformity with the amount of oxygen consumed, ferulic acid was by paper chromatography demonstrated to be the reaction product. No other phenolic compounds except traces of remaining coniferyl alcohol could be demonstrated.
Guaiacylpyruvic acid (X) has been demonstrated as intermediate in the degradation of lignin by white-rot fungi (Fukuzumi, 1959 (Fukuzumi, , 1960 Ishikawa et al. 1963a , b ) and appears to occupy a central position in the fungal metabolism of lignin. The crude preparation of (X) available was used as substrate with actively lignanolytic 0811 organisms (Fig, 4a) . The slow oxidation does not indicate that guaiacylpyruvic acid plays an important part in the metabolism of lignans by the agrobacteria examined here.
Vanillyl alcohol, anisic acid, caffeic acid, hydrocaffeic acid and syringic acid are oxidized at a negligible rate, comparable with the oxidation of vanillic acid and isovanillic acid in Fig. 7b , corresponding to less than one atom of oxygen per molecule of substrate in 5 hr. The cinnamic acid derivatives with the a-p unsaturated side chain : ferulic acid, isoferulic acid, 3-4-dimethoxycinnamic acid and sinapic acid, were oxidized by strain ~~1 7 4 1 , isoferulic acid to an extent corresponding to 1-6 atoms of oxygen/mole substrate and the other acids corresponding to 1 atom oxygen/mole substrate. With organisms of strain o 811 there could be demonstrated no oxidation of the cinnamic acid derivatives.
V. SUNDMAN DISCUSSION
The results presented in this paper, in contrast to previously reported results on the topic, show that conidendrin-decomposing bacteria might also be capable of degrading other lignin-related structures. The experiments with other lignans indicate that the specificity relates merely to the carbon skeleton. The 'isolignan ' structure, either present in the substrate or resulting from the isomerizing ability of the bacteria, seems to be a requirement of the organisms under investigation.
The simultaneous adaptation to the other lignans upon growth on conidendrincontaining medium can be explained either by the assumption that the other lignans are intermediates in the conidendrin-decomposition, or, more likely, in accordance with the ideas of Stanier, Sleeper, Tsuchida & MacDonald (1950), as a back adaptation over reversible steps to a possible common substrate for the lignanolytic enzyme system of the bacteria.
The identical oxidation of olivil (VII) and iso-olivil (VI) confirmed by paperchromatographic work to be published, indicates that the two isomeric forms are in equilibrium in the presence of the bacteria studied. In work on the constitution of olivil and iso-olivil, Traverso (1960a) concluded that olivil has the structure of hydroxylariciresinol, i.e. that the ether linkage is situated between side chain carbons a and y, and the secondary alcohol group of olivil, accordingly at the side chain carbon / 3 as a tertiary OH-group. By way of agreement with this view, it was demonstrated that the structure of iso-olivil contains a tertiary OH-group at side chain P-carbon (Traverso, 1960 According to these structures, the isomerization olivil 4so-olivil is the same transformation as the isomerization of lariciresinol to isolariciresinol, known to occur under the influence of diluted acids:
Isolaricireaiol. (Structures according to Erdtman, 1955).
There appear to be possibilities for biological confirmation of the structures proposed by Traverso for olivil and iso-olivil, by means of comparative studies of the activity of the lignanolytic agrobacteria on the pairs olivil-iso-olivil and lariciresinol-isolariciresinol. Such work is in progress.
The results reported in Table 2 , concerned with oxidation of the lignin used, indicate that the activity of the lignanolytic bacteria on the modified lignins was rather feeble in comparison with the action on the lignans. Since the biological decomposition of lignin-residue in soil is a slow process, it is possible that bacterial attack of the delayed kind observed in this work could contribute to the biological decomposition of lignin, a t least in the modified form in which it occurs in brownrotted wood.
The reduction of aromatic aldehydes under aerobic conditions to alcohols by the present agrobacteria which has been demonstrated to occur when vanillin serves as substrate, and probably working also with isovanillin, syringic aldehyde and veratric aldehyde, has previously been demonstrated with soil fungi which utilize aromatic compounds (Henderson, 196l) , with white-rot fungi (Ishikawa et al. 19633) and with Aspergillus niger (Raman & Shanmugasundaram, 1963) . The reduction of aldehyde to alcohol, occurring under aerobic conditions simultaneously with the rapid oxidation to acid reported in this paper, forms only a minor part of the aldehyde metabolism of the agrobacteria, under the prevailing conditions. The main part of the aldehyde is transformed to acid.
It appears that the oxidative transformations of aromatic aldehydes, brought about by lignanolytic fungi and bacteria, are the result of reversible processes in which alcohols, aldehydes, and acids are in equilibrium according to the following scheme: 0 0 2RCH20H7+.2RCHOe2RCOOH H It H RCH,OH + RCOOH The equilibrium in the reversible processes will favour the more oxidized compound.
The manometric results reported in this paper concerning the oxidation of vanillyl alcohol and vanillin by organisms which are incapable of oxidizing vanillic V. SUNDMAN acid indicate that, in comparison with the transformation of aldehyde to acid, the oxidation of alcohol to aldehyde is a slow reaction. The appearance of alcohol a t the time when the rapid oxidation of aldehyde to acid has ceased, can be explained by assuming, either that a Cannizzaro-type dismutation of the aldehyde provides the alcohol, or that a small fraction of the aldehyde is reduced to alcohol, this being accumulated in the medium by reason of relatively slow oxidation.
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